District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations.
Introduction
Thermoelectric (TE) devices have been employed for many years as a reliable energy conversion technology for applications ranging from the cooling devices to the direct conversion of heat into electricity for power generation. The efficiency of TE materials is evaluated using the dimensionless figure of merit, zT = α 2 T /(ρ κ), where α is the Seebeck coefficient, T is absolute temperature, ρ is electrical resistivity, and κ is the total thermal conductivity consisting of contribution from the charge carrier κ e and the lattice κ L [1] . Although most researches concern bulk materials for high power applications such as recovery of waste heat from car exhaust, attractive low power applications of thin films are evident. The inherent phonon scattering due to the nanostructure of the thin films can enhance TE properties [2] . As a new kind of environmentally friendly material, Zn-Sb is made of relatively cheap and nontoxic elements. The Zn-Sb binary system contains ZnSb and β-Zn 4 Sb 3 which are promising p-type TE materials for low cost thermoelectric application, intended to operate at intermediate temperatures (from room temperature up to 350 °C ) [3] .
Thin film technique is a promising method for improving the thermoelectric properties of TE material due to low dimensional quantum confinement and a much lower lattice thermal conductivity [4] . The improvement of the properties of the thin film TE materials has introduced a huge potential in application of miniaturization sensors, micro-power source and other thermoelectric applications of the thin film TE devices. Furthermore, in some applications of micro scale TE devices, thin films are very required [5] . In a conceptual design, one way to produce more electrical power by using thin film based thermoelectric module, is that heat flow runs parallel to the surface of thin films deposited on an insulating substrate. Fan et al. [6] demonstrated the properties of their designed thin film thermoelectric generators with heat flow running in longitudinal direction of the film, where the maximum temperature difference between both sides is maintained 85 ᵒC. N-type Bi 2 Te 3 and p-type Sb 2 Te 3 thin films were deposited on soda-lime glass substrates. They argued that the performance of thin film TEG with this structure can be further improved by optimization of TE materials and fabrication methods. In other study reported by Fan et al. [7] , a promising flexible thin film thermoelectric generator using the n-type Al-doped ZnO and p-type Zn-Sb based thin film was demonstrated. The cold side was fixed at 300 K and the hot side was heated by an electrical stove to reach fixed temperatures. By increasing the hot side temperature, the output voltage of the p-n junction increased. When the temperature reached to 503 K, the output voltage had its max value. Although, when the hot side temperature exceeds 508 K, the output voltage rapidly decreased. Therefore, the suggested flexible substrate used in their work should be used for under 520 K applications. When the temperature increases further, the flexible substrate will be metamorphosed and the thermal stress across the thin film thermoelectric and the substrate will be increased, which causes the electrode fall off or the contact become loose. Only these two recent articles discussed about the thermoelectric properties of thin film samples in the longitudinal direction parallel to the heat flow by using constant hot side temperatures when the cold side is exposed to the environmental temperature. According to fundamental investigations to analyse the characteristics and behaviour of the uni-thin film done by few studies on the thermoelectric properties of thin film samples in the longitudinal direction parallel to the heat flow, an efficient thin film TEG module based on p-n couples can be designed and fabricated. Therefore, in the present study a zinc antimonide thin film sample is tested under different thermal and electrical load conditions. For this purpose, the sample is mounted between two blocks; hot side and cold side; whereas the cold side block is exposed to the environmental temperature (about 30 ᵒC) and the hot side block contacts to a heater. The heat flow runs parallel to the surface of thin films sample. Since, operating conditions could be transient in practice; thermoelectric behaviour analysis is evaluated in transient condition as well as steady state. Thermal cycling is a way to expose the sample to different thermal conditions. Different maximum temperatures on the hot side are provided by cyclic manner; 160, 200, 250, 300 and 350 ᵒC, for each experiment. Two scenarios are applied to test the sample in the presence of thermal cycling: without electrical load (open circuit), with constant electrical load corresponding to obtain maximum output power in aimed temperatures.
Experimental apparatus and procedure 2.1. Thin film production
A thin film sample has been manufactured by magnetron co-sputtering deposition in Aarhus University, Denmark. The Zn-Sb film was deposited directly on fused silica substrate. One target was a commercial Zn-target, whereas the other was produced inhouse by the process reported by Yin et al. [8] . The substrate is a 350 μm thick single-sided polished fused silica wafer. The film thickness is about 600 nm, which was measured from the cross sectional SEM image. Before and after the annealing treatment, change of the film thickness was not observed. This sample has been produced with atomic ratio (Zn:Sb) equal to 57.6:42.4. This is roughly the same as for the Zn-Sb film declared by Sun et al. [9] . XRD pattern for the specimen is shown in Fig. 1 . The ratio of ZnSb: Zn 4 Sb 3 is about 6:4; therefore, the dominant phase is ZnSb. The photographs of the sample are shown in Fig. 2 . As observed in Fig. 2-b , the specimen is a rectangular thin film by the length and width equal to 19.8 and 17.2 mm, respectively. The length of hot side and cold side contact area is 3 mm that is subtracted from the total length for obtaining the effective length.
Thin film test bench
The test device integrated on the Bench (Fig. 3) with capability of heating the hot side up to 400 o C. This equipment is designed and developed to test coated thin film TE specimens and TE single legs. The cold side of the sample is only in contact with cold side thin block with natural convection cooling during the test. The temperature of the hot side can be adjusted between 150 o C and 400 o C. Hot side and cold side temperatures are measured by thermocouples mounted on both sides of the sample. Probes for voltage measurement are settled under the screws, first one connected to the hot side of the sample and the second one connected to the cold side ( Fig. 2-a) . 
Results and discussions
Thermal cycling (with/without electrical load) can show us how the important parameters change by increasing or decreasing temperature; whether these data are reliable and reproducible in the range of permitted standard deviation and with enough accuracy or not. Herein, to investigate characteristics and stability of the sample as thermoelectrically, hot side temperature, voltage, and Seebeck coefficient are parameters which are shown for open circuit analysis. Also, the hot side temperature, voltage, current, power are parameters which are presented for closed circuit analysis. Interval time of measurements is considered to be 15 seconds.
Thermal cycling without load
In this subsection, thermoelectric behavior of the sample is investigated by thermal cycling without applying load resistance. Ten thermal cycles are applied in order to evaluating repeatability of the results, and to show the sample's performance consistency in operating conditions. In Fig. 4 -a, hot side temperature of the sample during the time is shown. To form the thermal cycling, the heater switching time is adjustable by a relay mounted on the control panel of the test bench. In this study, time of the heating and cooling for all experiments is 8 minutes. Generally, temperature distribution is transient at the beginning of the heating stage in each cycle until the thin film temperature distribution reaches equilibrium, before the cooling stage starts. As shown in Fig. 4 Fig. 4-c . By tracking the data in this figure, constant variation of the data points represents steady state condition. A part of a few data points at the beginning of the heating stage which is for switching on moments of the heater, the rate of increasing the temperature difference is higher than increasing the voltage and the value of local Seebeck coefficient is alleviated to reach its steady state values. In the cooling stage, the rate of degradation of the temperature difference is less than decreasing the voltage and the value of local Seebeck coefficient is again reduced. In steady state period, these data values are close to each other during the tests in spite of different thermal conditions. In this figure and also in figures of subsection 3.2, lower and upper bounds of the data have been drawn by using calculated standard deviation (average value ± standard deviation). a) b) c) Fig.4 : Variation of a) hot side temperature, b) voltage and c) Seebeck coefficient with time Voltage versus temperature difference (ΔT=T hot -T cold ) is shown for different aimed hot side temperatures in Fig. 5 . The trend of the data sets is similar to each other for all cases, showing that the voltage is increasing by rising the temperature difference and vice versa. During the transient state, there is not a single voltage data point for each temperature difference in different boundary conditions and even in heating and cooling period of a cycle. It is due to several parameters such as thermal diffusivity and hysteresis effect which can change by various parameters. The magnitude of hysteresis is a function of thickness, particle size, rate of heating or cooling, and impurities of the sample [10] . For each data set, the voltage data points in transient condition are dispersed, while the data points related to the steady state condition are obviously aggregated. The voltage corresponding to steady state in each data set (at the end of the heating stage) has been displayed in the circle in Fig. 5 . In Fig. 6 , the Seebeck coefficient versus average temperature of the sample is observed for all cycles. The Seebeck coefficient in steady state condition (inside the circle) increases up to a maximum value and then decreases by raising the hot side temperature. The bipolar effect is the main reason of reducing the Seebeck coefficients from hot side temperature 300 °C to 350 °C. Bipolar transport effect has been reported for zinc antimonide in the study done by Xiong et al. [11] . The maximum value of α in steady state was obtained 244 μV/K as it is seen in Fig. 6 . 
Thermal cycling with constant load corresponding to peak power point (PPP)
A wide range of load resistance (from 10 to 300 Ω) was firstly applied to find optimal electrical load value giving the maximum power generation by the thin film sample. The obtained load resistance is shown to be a function of temperature (Table 1 ). In each aimed temperature, the individual load corresponding to PPP is implemented. In this part, from the start point of the thermal cycles, the load is applied and continues to the end of that experiment. As shown in Fig.7 , the behavior of voltage, current and power is exactly congruous to the hot side temperature versus time. 
Conclusions
Behaviour of thin film Zn-Sb sample in transient and steady state is investigated, as the heat transfer is in longitudinal direction of the sample. In the open circuit analysis, using hot and cold side temperatures and voltage to calculate instantaneous Seebeck coefficient showed transient trend of the Seebeck coefficient during the thermal cycling. An increase in Seebeck coefficient by increasing the hot side temperature was observed, although for more than 300 °C, the Seebeck coefficient decreased due to the bipolar transport effect. The energy production by applying load in heating stages is about 70% of total energy producible by applying the same load among the whole domain of thermal cycles, whereas it will be about 30% if only the cooling stages are used for producing energy. The results showed the data are reliable and reproducible with permissive standard deviation and enough accuracy. One important message of this work could be that there is no need to have an efficient heat sink if the thin film element is used longitudinally. Furthermore, the thin film sample represented that can operate in relatively different ranges of temperature and load with long operation period without failure.
